There is accumulating evidence that small size at birth is related both to higher mortality from cardiovascular disease and to higher levels of some cardiovascular risk factors, including raised blood pressure, impaired glucose tolerance and possibly even higher fibrinogen and higher total and low density lipoprotein cholesterol levels.' 5 A negative association between birth weight and blood pressure in middle age men has been previously reported from studies in UK and Uppsala, Sweden.467 In our study of 50 year old Swedish men, birth weight showed a stronger relation to systolic than to diastolic blood pressure. The association between low birth weight and high systolic blood pressure at age 50 was most pronounced in the men who were born at term, had high body mass index at 50 years and was present only in those who were tall as adults (had a height at 50 above the median of 176 cm).4
sociodemographic circumstances in early life was available, adjustment for factors such as social class of the family, mother's marital status or area of residence, led to a slight reduction of the effect of birth weight on systolic blood pressure at age 50. The slope of the body mass index adjusted relationship changed from -2.8 mmHgikg to -2.6 mmHg/kg after additional adjustment for early life circumstances in the sample as a whole (p values 0.09 and 0.12). Simultaneous adjustment for sociodemographic characteristics at birth together with sociodemographic and behavioural characteristics at age 50 led to only a slight reduction of the effect ofbirth weight on systolic blood pressure at 50 years.
Conclusion -The strong inverse associations between birth weight and blood pressure among 50 year old Swedish men are highly unlikely to be explained by con- founding with socioeconomic circumstances at birth or in adult life.
(Jr Epidemiol Community Health 1997;51: [14] [15] [16] [17] [18] There is accumulating evidence that small size at birth is related both to higher mortality from cardiovascular disease and to higher levels of some cardiovascular risk factors, including raised blood pressure, impaired glucose tolerance and possibly even higher fibrinogen and higher total and low density lipoprotein cholesterol levels.' 5 A negative association between birth weight and blood pressure in middle age men has been previously reported from studies in UK and Uppsala, Sweden.467 In our study of 50 year old Swedish men, birth weight showed a stronger relation to systolic than to diastolic blood pressure. The association between low birth weight and high systolic blood pressure at age 50 was most pronounced in the men who were born at term, had high body mass index at 50 years and was present only in those who were tall as adults (had a height at 50 above the median of 176 cm).4
Confounding by continuities in socioeconomic disadvantage from birth to adulthood has been put forward as an explanation of the associations between perinatal conditions and adult morbidity and mortality.8'-" With respect to blood pressure, this could operate through continuing adversity in terms of lower socioeconomic position and its relation to adverse health related behaviour such as poor diet, heavy alcohol drinking or inadequate physical activity. To date, studies of the fetal origins of raised blood pressure in adult life have not adequately controlled for possible confounding effects of socioeconomic factors.
The analyses reported in this paper were undertaken to evaluate whether socioeconomic confounding can explain the strong relationship between size at birth and blood pressure that we have previously reported in this group of 50 year old Swedish men. 4 We have used the same data as employed in our earlier paper, and have given particular attention to those subgroups in which the birth weight-blood pressure relationship appeared to be strongest, i.e. those in the top tertile of body mass index and those who were of above median adult height.
Methods
The association between small size at birth and cardiovascular risk factors in later life has been studied in a population of 1333 men who were examined at the Institute of Geriatrics of the Uppsala University at the age of 50 (mean age at examination 49.6 years, range 48.6-51. 1) and whose birth records we were able to trace. This is a subgroup from a health survey that in 1970 recruited all men living in the municipality of Uppsala who were born between 1920 and 1924.12 The participation rate in the health survey was 82%. The participants were examined in the morning after an overnight fast. Height (without shoes) was measured to the nearest centimetre and weight (in underpants) to the nearest kilogram. Body mass index (BMI) was calculated as weight (in kg) / height (in m)2. Blood pressure was measured once on the right arm to the nearest 5 mmHg in the supine position after 10 minutes rest. '3 Sociodemographic variables available for the analysis and related to the circumstances in adulthood came from questionnaires completed by the study subjects at age 50 and include three categories of social class previously used in official Swedish statistics, based on occupation: low (or manual workers), middle (or non-manual employees) and high social class (self-employed and professionals).'4
The highest education achieved is classified in three categories -basic, secondary and university. Marital status is defined as married, single and divorced/widowed.
Adult behavioural characteristics included in the analysis were recent alcohol drinking (measured as consumption of a drink containing alcohol during the day before the examination), smoking (measured in four categories as non-smokers, <10 cigarettes/day, 10-19 cigarettes/day and 20 + cigarettes/day). Complete data on all socio-demographic and behavioural characteristics at age 50 were available for 1031 subjects.
As described in more detail elsewhere, for 60% of the participants in the 1970-73 health survey it was possible to trace their birth records including information on birth weight either in the Uppsala University Hospital or in archives ofmidwives records.45 Ofthe 1333 participants in the health survey with known birth details, 615 (46.1%) were born in the Uppsala University Hospital, 334 (25.1%) were born elsewhere in Uppsala county and 384 (28.8%) where born elsewhere in Sweden.
Socio-demographic characteristics at birth were derived from the information given in the birth records from the Uppsala University Hospital and were thus available only for a subset of the study subjects. These were social class of the household based usually on the father's or if single the mother's occupation, maternal marital status (classified as married or unmarried), and the area of residence at birth (classified as urban or rural between birth weight and blood pressure. However, adjustment for marital status at 50 slightly strengthened the association between birth weight and systolic blood pressure in those who were tall or obese at 50.
Simultaneous adjustment for all the adult socio-demographic and behavioural characteristics (table 2) did not have any appreciable effect upon the strength of the association between birth weight and systolic blood pressure in the sample as a whole, however, among those in the top body mass index tertile, it led to an increase in the strength of the association.
Simultaneous adjustment for the three sociodemographic characteristics at birth consistently led to a slight decrease in the strength of the association between birth weight and systolic blood pressure at 50, however the size of the change was moderate (table 2) .
In a subgroup of subjects with infornation on social circumstances at birth and in adulthood and adult behavioural factors, simultaneous adjustment for all potential confounders did not have any appreciable effect upon the association between birth weight and blood pressure in the whole sample, and slightly reduced the strength of the association in those who were tall or obese at 50 years (table 2) .
A similar impression is provided by table 3, in which birth weight is treated as a categorical variable (<3250, 3250-, 3750-and 4250+ g). Simultaneous adjustment for all early and adult social circumstances, smoking and recent alcohol drinking led to only a minor reduction in the difference in SBP at 50 between the two extreme categories of birth weight in all groups studied.
Discussion
Birth weight was most strongly determined by the marital status of the mother in our data.
This finding is consistent with our analyses of determinants of birth weight among all persons born in the Uppsala University Hospital in 1920-24 (unpublished). The differences in mean birth weight seen by social class at birth also followed an expected pattern except perhaps for the relatively low mean birth weight of infants born to self-employed and non-manual families. It has to be stressed, however, that a majority (71 %) of the families in this combined category are families of lower grade non-manual workers. Dividing this category into a series of more homogeneous groups of families of low, middle, high non-manual class and selfemployed parents does not affect the results of this study with respect to the role of socioeconomic confounding in the relation between foetal growth and later blood pressure.
Mean birth weight of subjects born in the Uppsala University Hospital was lower than that of subjects bom elsewhere in Uppsala county or the rest of Sweden. At the same time, the mean systolic blood pressure in subjects born in Uppsala county was higher than in those born elsewhere in Sweden. However, adjustment for geographical area of birth did not appreciably reduce the strength of the associations between birth weight and SBP, and the relations between birth weight and systolic blood pressure were still present in our data when the analysis was restricted to subjects born in Uppsala county or the Uppsala University Hospital in particular.
The blood pressure of 50 year old men in Sweden in early 1970s, as it appears from our data, was much more strongly determined by their education than by their current social class. This finding is broadly consistent with the results of two Swedish studies that explored the socioeconomic distribution of high blood pressure in the seventies.17 18 In the study of men aged 25-75 performed in Skaraborg county, of all the socioeconomic factors studied such as marital status, place of residence, socioeconomic group (with 9 categories), occupation or branch of industry, education level showed the strongest correlation with blood pressure. '7 In a study of 40-60 year old men from the Stockholm area,'8 social group based upon amount of responsibility in the subject's job position and education were the strongest determinants of systolic blood pressure out of a set of sociological variables that included e.g. yearly income, conflicts or number of changes of job.
Despite the fact that the socioeconomic and behavioural factors are clearly related to both birth weight and blood pressure in adult life, the association between birth weight and blood pressure cannot be explained by confounding with these factors. The finding that the behavioural factors and social circumstances in adulthood in particular are unlikely to explain the negative association between low birth weight and high systolic blood pressure at 50 years may not be surprising in the light of the evidence that inverse associations between size at birth and blood pressure have been reported in children. '9-24 We conclude that the socioeconomic confounding of the relationship between small size at birth and adult blood pressure is unlikely. We cannot exclude the possibility of some residual confounding in our data due to imprecise measurements of factors such as alcohol consumption or not sufficiently detailed classification of social position and other social circumstances both in infancy and adulthood. However, the very small changes in the size of the effect of size at birth on blood pressure after adjustment for the various socio-demographic characteristics or their combinations suggest that residual confounding is unlikely to be important.
The small reduction of effect when controlling for early childhood circumstances and strengthening of the effect when controlling for the adult social circumstances is an unexpected finding that requires further exploration. However, the strengthening of the effect of birth weight on blood pressure after simultaneous adjustment for education and social class at 50 years may be partly explained by the seeming interaction of the effect of education and social class upon birth weight, and blood pressure in particular. When stratified by educational level, birth weight seems to be regularly increasing ithincreasing social class, while theopposite is the case for systolic blood pressure. Once adjusted for the effect of education, the highest social class is actually associated with an increase in systolic blood pressure at age 50 in our data set. Since we find that socioeconomic confounding is of minor importance for the relation between birth weight and systolic blood pressure at 50 years, our results point to the importance of the fetal environment. Whether the observed differences in blood pressure associated with birth weight are predictive of subsequent mortality is currently being investigated.
